Concentrating solar thermal power is a renewable energy (RE) technology which
converts solar irradiation into heat energy at high temperature and in a successive step into electricity. The core part is a number of mirrors which reflects direct normal irradiance (DNI) to a focal line or point, called a receiver. Temperatures up to 1000 o C can be achieved. These plants make use of conventional steam cycles, in which hybrid operation with fossil fuels is applicable.
The key advantage of CSP in comparison to other RE technologies is that the need for fossil fuel can be reduced by over sizing the solar collector field and storing the extra heat. This paper is directed to provide a comprehensive review of CSP technologies that are sustainable for applications in MENA region. More focus was directed to the performance data with emphasis on technologies, economics and costs. A comparative study between different CSP technologies as well as performance and economics has been done. Finally, some general guidelines are given for the selection CSP systems and the parameters that are needed to be considered for decision makers.
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Introduction

Principle of concentrating solar power (CSP)
The main element is a field of large mirrors reflecting the incident sun rays onto a small receiver element, thus concentrating the solar radiation intensity by 80 to several 100 times and producing high temperature heat at several 100 to over 1000 °C. This heat can be either used directly in a thermal power cycle (based on steam turbines, gas turbines or Stirling engines), or stored (in molten salt, concrete or phase-change material) to be delivered later to the power cycle for night-time operation [1] .
The principle of operation of a concentrating solar power (CSP) plant is drafted in Figures (1) , showing the different options for combined generation of heat and power.
CSP plants can be designed from 5 MW up to several 100 MW of capacity [1] .
Figure (1-a): principle of a concentrated Solar
collector [1] .
Figure (1-b): A concentrating solar thermal power station for co-generation of electricity and process steam
Figure (2):
Economical potential for different RE
Why MENA Regions
All Middle East and North Africa (MENA) regions have an outstanding potential for solar energy.
Growth of population and economy, increasing urbanization and industrialization, against the limited natural resources of potable water and energy in MENA are leading to serious deficits. Generally, all CSP technologies can be used for generating electricity and heat. However, the more focus is on CSP for Electricity production, HVAC and the production of safe drinking water because these constitute major needs of developing countries (MENA. Consequently, the bulk of this new CSP capacity is expected to be seen in the MENA region, where it has abundant solar radiation ( fig.3 ), cheap land and high electricity demand) [1] . The economic potential of renewable energy (RE) in Saudi Arabia is illustrated in figure (2) [11] . From this figure, it is clear that CSP has the highest economic potential. [14] [15] [16] .
Fig (3): Solar irradiance for different countries, kWh/m 2 /year
CSP Market for MENA Region [15-16]
The CSP global capacity is expected to reach 13 GW by year 2015, indicating that solar CSP is moving to the forefront of renewable energy technologies. The bulk of this new capacity is expected to be seen in the MENA region, where it has abundant solar radiation, cheap land and high electricity demand. 
Objectives
This paper is directed to provide a comprehensive review of CSP technologies that are sustainable for applications in MENA regions, where it has abundant solar radiation, cheap land and high electricity demand.. More focus is directed to the performance data with emphasis on technologies economics and costs.. A comparative study between different CSP technologies as well as performance and economics has been done. Finally, some general guidelines are given for the selection CSP systems and the parameters that are needed to be considered.
Basics and Types of CSP [1-18]
Four primary CSP designs are available in the market today:
 Parabolic troughs (PT),  Linear-Fresnel systems (LF),  The Stirling engine (SE), and  Solar towers (ST).
In parabolic trough systems, each trough has its own receiver, while Fresnel reflectors are made of many thin, flat mirror strips to concentrate sunlight onto common tubes through which a working fluid is pumped.
A Stirling dish or dish engine system consists of a stand-alone parabolic reflector that concentrates light onto a receiver positioned at the reflector's focal point.
In tower systems, thousands of tracking mirrors in a field capture and reflect sunlight to a central receiver located at top of the tower. The different types of concentrating technologies are summarized in table (2) .
Recently, more focus has been given to the parabolic trough (PT) concentrated solar thermal system (PT-CST). This technology fits well with the special needs of developing countries as a ready source of energy for water desalination and HVAC applications. 
Fig.(4a):Capacity figures for different CSP technologies
Figure (5):
Back reflecting parabolic trough [4] . 
Solar Collectors[4,5,19-23]
Focusing or Concentrating, collectors intercept direct solar radiation over a large area and focus it onto a small absorber area, see figure (5) . These collectors can provide high temperatures more than flat-plate collectors.
However, diffused solar radiation cannot be focused onto the absorber. Most concentrating collectors require mechanical equipment in order to orients the collectors toward the sun and keeps the absorber at the point of focus. Therefore, there are four basic types of concentrating collectors:
 Stationary concentrating collectors  Parabolic trough, figure (6) .  Power tower, figure (7)  Parabolic dish, figure (8) Typical performance parameters of various solar collectors are listed in tables(3). [5, [19] [20] [21] [22] [23] . Figure (6) . Schematic of PTC [16] . Figure (7) . Schematic of solar tower [16] . [16] .
Table (3). Typical concentration range and temperatures of various solar collectors
Figure (8).Schematic of solar dish
Main Components of CSP Systems
Some of the components like the metal structure, the tracking system, controllers and other accessories, which make up to 60% of the direct solar field costs, are standard components and can be ordered from several countries and in different forms. However, reflectors and the absorber tube are special components and have to be produced specifically for the parabolic trough solar field. Main components of The concentrators consist of a heat formed glass cake. Glass, which is used in solar applications, must have very low iron content for getting a transmissivity in the solar spectrum of about 91%. The iron content of a so-called -White Glass‖ is about 0.015% compared to normal glass with an iron content of around 0.13%. The binding of the reflectors is done under heat conditions. Several safety layer coatings are added, giving additional protection for the mirror.
Finally the contour accuracy is tested using a laser beam.
Figure (9).Main components of CSP system b. Absorber
The absorber pipe consists of a stainless steel tube with a length of 4 meters and a thickness of 70 mm. A glass pipe surrounds the tube (see figure 10 ) to allow evacuating of the area between the absorber tube and the glass pipe in order to minimize convection and conduction heat losses.
c. Receiver
The design of cylindrical cavity receivers is based on the concept of capturing the radiation in an insulated enclosure with an aperture that allows the inlet of the concentrated radiation beam ( Figure 11 ). The working fluid flows axially in the annulus and extracts the energy from the cavity walls. The concentrated radiation focus is located at the cavity entrance. The interior of the cavity is painted with a black coating. No special coatings are required because the emittance of this coating is not critical for thermal losses. Figure (10) .Absorber tube of a parabolic trough collector [66] .
The vacuum also serves to protect the highly sensitive coating. Nowadays, such selective coatings remain stable in temperatures of 450°C up to 500°C. The average solar absorptivity is currently above 95%, an operational temperature is about 400°C, and the emissivity is below 14%. This leads to an optical efficiency of about 80% for incident perpendicular solar radiation. Furthermore the hydrogen getter (see figure 10 ) absorbs the hydrogen, which is getting through the glass pipe and the stainless steel pipe by diffusion. A membrane is used to pump the hydrogen out of the vacuum. Finally, glass/metal joints are used to compensate the thermal expansion of the pipe, and the connection between the glass pipe and the metal structure. [66] .
Figure (11).Cross section of tubular receiver
Figure (12).Cross section of cylindrical cavity
receiver [66] 
Examples of Specific CSP Power Plants
Examples of specific large solar thermal projects that are currently under construction or in advanced stage are given below:
 
Comparison of CSP Technologies [1-10]
A comparison of the key parameters of the four types of CSP technologies is summarized in tables (5) . 
CSP Applications for MENA Region [41-57]
Electricity generation, HVAC, and the production of safe drinking water are the more focus on CSP applications, because these constitute the major needs in developing countries (MENA). The three major subsystems are shown in figure (13) . Figure (13) . Block diagram of the solar thermal cogeneration system [31] .
CSP application in Water Desalination
Three different options for a combination between CSP technologies and desalination were addressed in Figure (14) : Figure (14) . Different configurations for desalination by concentrated solar power [1, [5] [6] [7] [8] [9] (RO=reverse osmosis, MED=multi-effect desalination).
small-scale desalination plants directly powered
by concentrating solar thermal collectors, 2. CSP plants providing electricity for reverse osmosis desalination (CSP/RO).
Combined generation of electricity and heat for
thermal multi-effect desalination systems (CSP/MED). Although Multi-Stage Flash (MSF) desalination is the common type in the MENA region, it has not been considered as viable future option for solar powered desalination. This is due to the higher temperature requirement of the MSF process compared to that of MED system. 
CSP application in Cooling Technology
Generally the solar cooling system comprises of three sub-systems: the solar energy conversion system, refrigeration system, and the cooling load. The different ways to convert solar radiation into cooling and air conditioning are shown in Figure (15 ) and detailed in table (6) .
Figure (15).Categories of high temperature solar
cooling systems utilizing concentrating solar collectors [35] [36] [37] [38] [39] [40] .
Solar energy can be converted into cooling using two main principles:
1 Electricity generated with photovoltaic modules can be converted into cooling using well-known refrigeration technologies that are mainly based on vapor compression cycles. 2 Heat generated with solar thermal collectors can be converted into cooling using thermally driven refrigeration or air-conditioning technologies. Most of these systems employ the physical phenomena of sorption in either an open or closed thermodynamic cycle. Other technologies, such as steam jet cycles or other cycles using a conversion of heat to mechanical energy and of mechanical energy to cooling are less significant. Figure (16) . Different thermo-chemical methods for producing fuels using CSP [roadmap2010 [16] ).
CSP Application in H2 Technologies
CST technologies also allow the production of Hydrogen (H2), which is considered as a form of storing solar energy. Then it can be distributed as a fuel to industry, households, etc. Production of solar hydrogen can be achieved via electrolysis of water using solar-generated electricity at an overall solar to hydrogen efficiency of about 10%. Several options for H2 production using CSP are outlined in Figure  ( 
Pre-Selection of CSP Technologies [1]
The aim of pre-selection here is to find the best suited CSP-technology that can be used with seawater desalination (with respect to performance and cost), see figure (17) .
On the other hand, neither PT nor LF systems can be used to power gas turbines. In the hightemperature range up to 1000 °C and more, central receivers are the only available option to provide solar heat for gas turbines and combined cycle systems. However, it is still uncertain and still leaves open questions with respect to cost, reliability and scalability for mass production at large scale.
Looking at Table (7) the LF beats the PT with synthetic oil as heat transfer medium in many items. However, the most important issues like experience, reliability and availability of TES, the linear Fresnel system is in an inferior position compared to the parabolic trough system. This fact is not compensated by the less cost of the solar field of the linear Fresnel system. 
Figure (17):
Options of large scale concentrating solar power and desalination systems [1] . 
Solar Tracking [3, 58-59]
The concentrating collectors can be operated in three modes: a-Fixed orientation mode. At solar noon, the range of solar elevations during the year is ±23.45 o . Thus, a collector with fixed orientation must have an acceptance aperture halfangle of at least 23.45 o . For continuously tracking system, the acceptance aperture needs only to be large enough to include the solar disc; plus errors on mirrors or lens construction and errors in collector steerage orientation. This easily allows concentration ratios in the range of 5-15 and intermediate temperatures are also achievable.
b-Continuous tracking mode. c-Periodic seasonal adjustment mode, For periodic adjustment or fixed orientation, the concentrators must be two-dimensional, with long axis in the east-west direction.
As the first example, compound parabolic collector (CPC) must be reoriented periodically during the year to keep the sun within their ranges of acceptance. Collector with large acceptance angles needs less adjustment during the year. The second example is Fresnel lens collectors with the main axis in the north-south orientation. In this configuration, the north end must be elevated so as to tilt the collector. The yearly optical efficiencies are shown in table (8) [4] .
Lens configuration
Relative efficiency Two-axis tracking(N/S) 1 Seasonally adjusted(N/S) 0.95 Fixed tilt(N/S) 0.7 One axis tracking One axis tracking(E/W) 0.6 Seasonally adjusted(E/W) 0.5 Figure (18) .PTC with long axis in the N-S direction [4] .
The third example is parabolic trough collector (PTC). It can be mounted in several different ways. The most common method is to mount the collector horizontally with the long axis in the east-west direction as shown in figure (18) .it can also be mounted with the long axis with the north-south direction. The tilt angle is a very important parameter for north-south direction. East-west orientation collects roughly equal amount of on clear days for all days of the year. While, north-south orientation collects very strongly in the summer and very weekly in the winter, as indicated in figure(19)   Figure (19) .Estimated heat collection of a horizontal PTC per day per unit area of aperture on clear days [4] .
Solar Tracking Methods
Solar tracking methods are passive, using an openloop approach or active using a closed loop [6] . Passive tracking methods employ Astronomical algorithms (AA) and compute the solar position as a function of position and time. This type of positioning is limited in precision and depends only on the precision of the algorithms, provided that electromechanic precision is acceptable. For this type of positioning, the azimuth axis vertical alignment and zenith horizontal alignment is of crucial importance to the overall tracking accuracy [6] .
Active tracking methods use light sensitive electronics to see the sun and position themselves in a very dynamic way to the best position. Restrictions applying to this type of tracking are in the sensitivity of the sensors and the level of intelligence of the control system.
Active tracking methods work in the approach of brightest point in the-sky. Thus, unwanted movement of the device in cloudy conditions can be expected, leading to increased power consumption, mechanical wear. The precision range of active tracked systems is between 0.2 to several degrees, depending on the system design. (20) . Daily tracking of PT collectors [60, 61] . [1-10, 3, 60, 61] 
Figure
Economics
The current cost of CSP [3]
According to the International Energy Agency (IEA, 2010) and National renewable energy Laboratory (NREL), costs of CSP plants can be grouped into three categories:
 Investment costs (also called capital cost or CAPEX),  Operation and maintenance costs (O&M) which is so called OPEX.  Financing costs. The cost of PT and ST plants with thermal energy storage is generally between $ 5000 and $ 10500/kW as listed in Table ( 9) . The current levelized cost of electricity (LCOE) from CSP technology are listed in table (10) . The other cost data are represented in figures (21.a, b, c, d , e and f). Fig.(21.a) :Installation cost for different CSP technologies Fig.(21.d) 
